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(54) Refrigerator 

(57^ An object of the present invention Is to obtain a good refrigerator using polyvinyl ether oil as a refrigerator oD, 
which is compatible with a hydrofluorocarbon type refrigerant not containing chlorine (such as R134a) without suffering 
conventional problems. A refrigerator of the present invention comprises a refrigerating cycle using a hydrofluorocarbon 
type refrigerant not containing chlorine or a refrigerant mixture thereof, with a refrigerator oil compatible with tfie refrig- 
erant sealed, wherein the refrigerator oil comprises a polyvinyl ether type compound having a structural unit repre- 
sented by the general formula (1) as the main component with a pour point of -40°C or less, a two-liquid separation 
ternperature of -SO'C or less, a total acid number of 0.02 mgKOH/g or less, a viscosity of 8 tQ 100 est at 40'>C or less, 
and a viscosity index of 80 or more. 
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, wherein n is an integral number In the range of 1 or more. R1 to R3 are each a hydrogen atom or a hydrocart>on group 
having 1 to 8 carbon atoms and may be the same or different, R4 is an allcyt group having 1 to 4 carbon atoms, and 
units in which R4 is an alkyi group having 1 to 2 carbon atoms are 40 to 100 % and units in which R4 is an alky' ^oup 
having 3 to 4 carbon atoms are 0 to 60 %. 
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Description 

BACKGROUND OF THE INVENTION 
5 1. Reld of tlie Invention 

The present invention relates to a refrigerator comprising a refrigerating cyde using a hydrofluoroceutx}n type 
refrigerant not containing chlorine such as 1.1 J,2-tetrafluoroethane (hereinafter referred to as R134a) or a refrigerant 
mixture thereof, having a polyvinyl ether oil as the base oil. 

10 

2. Background Art 

Many of the conventional refrigerators and compressors for automatic vendors or show-cases used dichlorodif luor- 
omethane (hereinafter referred to as R12). R12 has been under the flon regulation for preventing the ozone layer 
IS destruction. As a substitute refrigerant for R1 2, hydrof luorocarbon type refrigerants (HFC type. FC type) not containing 
chlorine represented by R134a are studied for the use of a refrigerator (see the official gazette of Japanese Patent 
Application Laid-Open (JP-A) No. 1-271491). < 
However, since the refrigerant R134a Is poor in terms of compatibility with conventionally-used refrigerator oils, 
such as a mineral oil and an alkyi benzene oil, there is a problem of poor lubrication of a compressor due to deteriora- 
20 Won of oil return to the compressor and inhalation of separated refrigerant at the time of starting after interval. 

Therefore, the present inventors discussed the application of a poiyol ester oil. which is compatible with the refrig- 
erant R134a as the refrigerator oil. However, it is known that the poiyol ester oil generates an aliphatic acid t)y thermal 
decomposition to cause corrosion in sliding members, which leads to abrasion. 

Then the present Inventors elaborately studied a combination of R134a as the refrigerant and a poiyol ester oil as 
25 the refrigerator oil for the application in a refrigerant compressor. As a result, it was learned that in addition to the above- 
mentioned prot^em, a poiyol ester oil is hydrolyzed by moisture to raise the total acid number so that metal soap is gen- 
erated to be sludge and casts adverse effect on the refrigerating cyde. or is decomposed, oxidized to be deteriorated, 
and polymerized to generate metal soap or polymer sludge and casts adverse effect on the refrigerating cycle. 

On the other hand, although it is known that a polyoxyalkylene glycol oil is not hydrolyzed and does not require strict 
30 care, due to Its poor insulating property, it can not be used appropriately as it is in this kind of a refriger£uit compressor 
comprising such a motor. 

Then the present inventors found out that the above-mentioned problems can be solved by adding a certain addi- 
tive to a polyvinyl ether oil with a special composition and combining with a certain HFC type refrigerant with a certain 
care. 



SUMMARY OF THE INVENTION 

An object of the present Invention is to obtain a good refrigerator using polyvinyl ether oil as a refrigerator oil. which 
is compatible with a hydrofluorocarbon type refrigerant not containing chlorine (such as R134a) without suffering the 
40 above-mentioned problems, 

A refrigerator according to claim 1 comprises a refrigerating cycle using a hydrofluorocarbon type refrigerant not 
containing chlorine or a refrigerant mixture thereof, with a refrigerator oil compatible with the refrigerant sealed, wherein 
the refrigerator oil comprises a polyvinyl ether type compound having a structural unit represented by the general for- 
mula (1 ) as the main component, with a pour point of -40°G or less, a two-liquid separation temperature of -20*'G or less, 
45 a total add number of 0.02 mgKOH/g or less, a viscosity of 8 to 100 est at 40*C or less, and a viscosity Index of 80 or 
more, 
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. wherein n is an Integra! number in the range of 1 or more. Rl to R3 are each a hydrogen atom or a hydrocarbon group 
having 1 to 8 carbon atoms and may be the same or different R4 is an alkyi group having 1 to 4 carbon atoms, and 
units in which R4 is an alkyl group having 1 to 2 cart)on atoms are 40 to 100 % and units in which R4 is an alM group 
having 3 to 4 carbon atoms are 0 to 60 %. 
5 In a refrigerator according to claim 2. the hydrofluorocarbon type refrigerant has a purity of 99.5 % by weight or 

more, with the content of a chlorine type refrigerant of 2000 ppm or less. 

In a refrigerator according to claim 3, the equilibrium moisture in the refrigerating cycle represented by the equation 
(2) is 200 ppm or less: 

(residual moisture content in the refrigerating cycle) .^6 
(filled oil amount + filled refrigerant amount) 



In a refrigerator according to daim 4, the residual oxygen content in the refrigerating cycle is 0.2 % by weight or 
IS less with respect to the content volume of the refrigerating cycle. 

In a refrigerator according to claim 5, the refrigerator oil contains 0.01 to 1 .0 % by weight of a phenol type antioxi- 
dant as an essential component and 0.01 to 2 % by weight of an epoxy type or carbodiimide type compound with 
respect to its oil content. 

In a refrigerator according to claim 6. the refrigerator oil contains 0.1 to 2 % by weight of a phosphoric acid ester 

20 type compound with respect to its oil content. 

In a refrigerator according to claim 7, the refrigerant is a 1,1,1.2-tetrafluoroethane (R134a), an azetropic mixture 
refrigerant containing 50 % by weight of difluoromethane (R32) and 50 % by weight of pentafluoroethane {R125). or a 
pseudoazetropic mixture refrigerant containing 44 % by weight of pentafluoroethane (Rl 25), 52 % by weight of trif luor- 
oethane (R143a) and 4 % by weight of 1.1 ,1 .2-tetrafluoroethane (R134a). 

25 A refrigerator according to daim 8 comprises a compressor unit sealed in a hermetically sealed container, with an. 
HFC type refrigerant or a refrigerant mixture thereof and a refrigerator oil compatible with the refrigerant sealed In the 
hermetically sealed container, wherein the refrigerator oil comprises a polyvinyl ether type compound having a struc- 
tural unit represented by the general formula (1) as the main component, with a pour point of -40**C or less, a two-liquid 
separation temperature of -20*C or less, a total acid number of 0.02 mgKOH/g or less, a viscosity of 8 to 100 est at 40<*C 

30 or less, and a viscosity index of 80 or more. 
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. wherein n is an integral number in the range of 1 or more. Rl to R3 are each a hydrogen atom or a hydrocarbon group 
having 1 to 8 carbon atoms and may be the same or different, R4 is an alkyl group having 1 to 4 carbon atoms, and 
45 units in which R4 is an alkyl group having 1 to 2 carbon atoms are 80 to 100 % and units In which R4 is an alkyl group 
having 3 to 4 carbon atoms are 0 to 20 %. 

In a refrigerator according to daim 9. the hydrofluorocarbon type refrigerant has a purity of 99.5 % by weight or 
more, with the content of a chlorine type refrigerant of 2000 ppm or less. 

In a refrigerator according to claim 1 0. the equilibrium moisture in the refrigerating cycle represented by the formula 
so (2) Is 200 ppm or less: 



55 



(residual moisture content in the refrigerating cycle) ^^e 
(filled oil amount + filled refrigerant amount) ^ ^ 

In a refrigerator according to claim 1 1 . the residual oxygen content in the refrigerating cycle is 0.2 % by weight or 
less with respect to the content volume of the refrigerating cycle. 

In a refrigerator according to claim 12, the refrigerant comprises at least two compounds selected from the group 
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consisting of iiydrofluorocarbon types represented by the general formula (3): 

C,H^F„ (3) 

5 whereinwhenU 1, ms 1 -2, n = 2 -3 and m + n = 4 , when I = 2, m = 1 - 4, n - 2 -5 and m + n = 6, and when I = 
3, m = 1 - 3. n = 5 ~ 7 and m + n = 8 . 

In a refrigerator according to claim 1 3. the refrigerant is an azetropic mixture refrigerant containing 50 % by weight 
of difluoromethane (R32) and 50 % by weight of pentafluoroethane (R125). or a pseudoazetropic mixture refrigerant 
containing 44 % by weight of pentafluoroethane (R125), 52 % by weight of trifluoroethane (R143a) and 4 % by weight 
10 of 1 .1 .1 .2-tetrafluoroethane (R134a). 

In a refrigerator according to claim 1 4, the refrigerator oil contains 0.0 1 to 1 .0 % by weight of a phenol type antioxi- 
dant as an essential component and 0.01 to 2 % by weight of an epoxy type or carbodiimide type compound with 
respect to its oil content 

In a refrigerator according to claim 15. the refrigerator oil contains 0.1 to 2 % by weight of a phosphoric acid ester 
15 type compound with respect to its oil content. 

A refrigerator according to claim 16 comprises a compressor unit sealed in a hermetically sealed container, with an 
HFC type refrigerant or a refrigerant mixture thereof and a refrigerator oil compatible with the refrigerant sealed in the ' 
hermetically sealed container, wherein the refrigerator oil comprises a polyvinyl ether type compound having a struc- 
tural unit represented by the general formula (1) as the main component, with a pour point of -40**C or less, a two-liquid 
20 separation temperature of -20**C or less, a total acid number of 0,02 mgKOH/g or less, a viscosity of 8 to 100 est at 40**C 
or less, and a viscosity index of 80 or more, 

Rl R3 
I I 

- ( C - C )„ - (1) 

I I 
R2 O 



. wherein n is an integral number in the range of 1 or more. Rl to R3 are each a hydrogen atom or a hydrocarbon group 
35 having 1 to 8 carbon atoms and may be the same or different. R4 is an alkyi group having 1, to 4 cartxjn atoms, and 

units in which R4 is an alkyI group having 1 to 2 carbon atoms are 60 to 100 % and units in which R4 is an alkyI group 

having 3 to 4 carbon atoms are 0 to 40 %. 

In a refrigerator according to claim 17, the hydrofluorocartx>n type refrigerant has a purity of 99.5 % by weight or 

more, with the content of a chlorine type refrigerant of 2000 ppm or less. 
40 In a refrigerator according to claim 18, the equilibrium moisture in the refrigerating cyde represented by the formula 

(2) is 200 ppm or less: 

(residual moisture content in the refrigerating cycle) ^ ®ppm (2) 
(filled oil amount + filled refrigerant amount) 

45 

In a refrigerator according to claim 19. the residual oxygen content in the refrigerating cycle is 0.2 % by weight or 
less with respect to the content volume of the refrigerating cycle. 

In a refrigerator according to claim 20, the refrigerant comprises at least two compounds selected from the group 
50 consisting of hydrofluorocarbon types represented by the general formula (3): 

C,H^F, (3) 

wherein when |=l,m=1~2. n = 2-'3andm + n = 4. when I = 2. m = 1 4. n = 2 ~ 5 and m + n = 6 . and when I = 
55 3, m = 1~3. n = 5~7 and m + n = 8 . 

In a refrigerator according to claim 21, the refrigerant is a pseudoazetropic mixture refrigerant containing 23 %by 
weight of difluoromethane (R32). 25 % by weight of pentafluoroethane (R125), 52 % by weight of 1.1.1.2-tetrafluor- 
oethane (R134a). or a pseudeoazeotropic mixture refrigerant containing 25 % by weight of difluoromethane (R32). 15 
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% by weight of pentafluoroethane (R125), 60 % by weight of 1 ,1 ,1 ,2-tetrafluoroethane (R1 34a). 

In a refrigerator according to claim 22, the refrigerator oil contains 0.01 to 1 .0 % by weight of a phenol type antioxi- 
dant as an essential component and 0.01 to 2 % by weight of an epoxy type or carbodiimide type compound with 
respect to its oil content 

5 In a refrigerator according to claim 23, the refrigerator oil contains 0.1 to 2 % by weight of a phosphoric acid ester 

type compound with respect to its oil content. 

A refrigerator according to claim 24 comprises a refrigerant compressor, a condenser, an expansion device, and an 

evaporator, connected to each other with pipes, with an HFC type refrigerant or a refrigerant mixture thereof and a 

refrigerator oil compatible with the refrigerant sealed in a hermetically sealed container, wherein the refrigerator oil com- 
10 prises a polyvinyl ether type compound having a structural unit represented as the main component, with a pour point 

of •40''C or less, a two-liquid separation temperature of -20*^0 or less, a total acid number of 0.02 mgKOH/g or less, a 

viscosity of 8 to 1 00 est at 40^*0 or less, and a viscosity Index of 80 or more. 
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25 . wherein n is an integral number in the range of 1 or more. R1 to R3 are each a hydrogen atom or a hydrocarbon group 
having 1 to 8 carbon atoms and may be the same or different R4 is an alkyi group having 1 to 4 carbon atoms, and 
units in which R4 is an alkyI group having 1 to 2 catbon atoms are 40 to 100 % and units In which R4 Is an alkyI group 
haying 3 to 4 carbon atoms are 0 to 60 %. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

These objects and advantages of the present invention will become dear from the following description with refer- 
ence to the accompanying drawings, wher^n: 

35 FIG. 1 is a vertical cross-sectional view of a rotary type compressor of one embodiment of the present invention; 
FIG. 2 is a graph showing the result of an endurance test of a refrigerator; 

FIG. 3 is a vertical cross-sectional view of a reciprocating type compressor of another embodiment of the present 
invention. 

40 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter the present Invention will be described with reference to accompanied drawings. 
FIG. 1 is a vertical cross-sectional view of a rotary type compressor. In FIG. 1 . A represents a refrigerating cycle 
conprising a refrigerator. The refrigerating cycle A comprises a compressor B. a condenser C. an expansion device D, 
45 an evaporator E. and a drier F, connected with pipes. The compressor B has the below-mentioned configuration. 

Numeral 1 represents a hermetically sealed container, where an electric driving element 2 is stored at the upper 
part and a rotary compressing element 3 driven by the electric driving element 2 is stored at the lower part, respectively. 
The electric driving element 2 comprises a stator 5 having a winding 4 insulated with an organic material, and a rotor 6 
provided inside the stator 5. The rotary compressing element 3 comprises a cylinder 7. a roller 10 rotated along the 
50 inner wall of the cylinder 7 by an eccentric portion 9 of a rotary shaft 8. a vane 1 2 pressed by a spring 1 1 so as to contact 
with the periphery of the roller 10 with pressure and divide the inside of the cylinder 7 into an inhaling side and a dis- 
charging side, and an upper bearing 13 and a lower bearing 14 for sealing the openings of the cylinder 7 as well as sup- 
porting the rotary shaft 8 axial ly. 

The upper bearing 13 is provided with a discharging hole 15. communicating with the discharging side of the cylin- 
55 der 7. Further, a discharging valve 16 for switching the discharging hole 15 and a discharging muffler 17 are mounted 
on the upper bearing 13. 

The roller 10 and the vane 12 are made from an iron material. 

An oil 18 is stored at the bottom part of the hermetically seated container 1 . The oil 1 8 comprises a polyvinyl ether 
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type compound having a structural unit represented by the genera! formula (1) as the main component, with a pour point 
of -40'*C or less, a two-liquid separation temperature of '20^*0 or less, a total acid number of 0.02 mgKOH/g or less, a 
viscosity of 8 to 100 est at 40''C or less, and a viscosity index of 80 or more, 

S Rl 

I 

- ( C 
I 

10 R2 



IS . wherein n is an integral number in the range of 1 or more, R1 to R3 are each a hydrogen atom or a hydrocarbon group 
having 1 to 8 carbon atoms and may be the same or different R4 is an all^l group having 1 to 4 cartoon atoms, and 
units in which R4 is an alkyi group having 1 to 2 carix>n atoms are 40 to 100 % and units In which R4 is an alky! group 
having 3 to 4 carbon atoms are 0 to 60 %. 

A phenol type antioxidant of 2.6-di-tartbutyl-p-cresol (DBPC) is added to the polyvinyl ether oil by 0.3 % by weight 
20 as an additive for preventing deterioration by oxidization after long term storage. Furthermore, an epoxy type additive 
is added by 0.25 % by weight as a chemical stabilizer. 

An extreme-pressure additive of tricresyl phosphate (TCP) is also added to the polyvinyl ether oil by 1 % by weight 
as needed. 

A hydrofluorocarbon type refrigerant not containing chlorine, such as R134a is sealed in the refrigerating cycle A. 
25 R134a is adjusted so as to have a purity of 99.5 % by weight or more and a chlorine type refrigerant content of 56 
ppm. The equilibrium moisture in the refrigerating cycle A represented by the below-mentioned formula (2) is adjusted 
to be 150 ppm: 

(residual moisture content in the refrigerating cycle) m^nnm fQ\ 
30 (filled oil amount + filled refrigerant amount) ^ ^"^^ 

A moisture adsorbing agent having a pore diameter of about 3A is used in the drier F of the refrigerating cycle A. 
Further, the residual oxygen content in the refrigerating cycle A is adjusted to be 0.005 % by weight of the cycle conterjt 
35 volume. 

The wiring 4 of the electric driving element 2 of the compressor B is coated with a double-structure insulating mate- 
rial including a layer of heat-resistant ester (THEIC) or esterimide at the inner side and a layer of amideimide at the 
outer side. A PET film of a low oligomer specification (0.6 % or less as a trimer) is used as the insulating paper H for 
insulating between the wiring 4. 
40 The oiM 8 lubricates the sliding faces of the roller 1 0 and the vane 1 2. which are sliding members of the rotary com- 
pressing element 3. 

A refrigerant to flow into the cylinder 7 of the rotary compressing element 3 so as to be compressed by the coop- 
eration of the roller 10 and the vane 12 comprises R134a, which is compatible with the oil 18, that is. a polyol ester oil. 
Numeral 19 represents an inhaling pipe to be mounted on the hermetically sealed container 1 for guiding the refrig- 
45 erant to the inhaling side of the cylinder 7. and numeral 20 represents a discharging pipe to be mounted on the upper 
wall of the hermetically sealed container 1 and compressed by the rotary compressing element 3 for discharging the 
refrigerant to the outside of the hermetically sealed container 1 via the electrically-driving element 2. 

In the refrigerator oil composition used in the rotary type compressor with the above-mentioned configuration, the 
refrigerant Rl 34a flown into the inhaling side of the cylinder 7 of the inhaling pipe 19 Is compressed by the cooperation 
so of the roller 10 and the vane 12 and opens the discharging valve 16 through the discharging hole 15 so as to be dis- 
charged into the discharging muffler 1 7. The refrigerant in the discharging muffler 1 7 is discharged outside the hermet- 
ically sealed container 1 from the discharging pipe 20 via the electric driving element 2. The oil 18 is supplied to sliding 
members, such as the sliding surfaces of the roller 10 and the vane 12 of the rotary compressing element 3 for lubrica- 
tion. Further, it prevents leakage of the refrigerant compressed in the cylinder 7 to the low pressure side, 
55 According to this embodiment the following effects can be achieved. 

According to the configuration of claim 1 . the polyvinyl ether oil 18 of the present invention has a good compatibility 
with R134a in the entire temperature range used in the refrigerator A so that the two-layer separation of the refrigerant 
and the oil can be prevented. 
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Therefore, since the polyvinyl ether oil 18 can always exist in the state of being dissolved in R134a in a low temper- 
ature range of -30*C or lower In the refrigerating cycle A so as to be of a low viscosity as a whole, the oil return to the 
compressor B becomes good. Accordingly, the oil supply to the bearing sliding portions 8. 13. 14 can be ensured with- 
out lowering the oil surface of the compressor B so that galling or seizure can be prevented. 
5 Furthermore, the polyvinyl ether oil 18 of the present invention can lower the actual viscosity and reduce the 

mechanical loss to improve the performance coefficient of the compressor B owing to the function characteristic of oils 
of improving the lubrication on the iron sliding portions including the shaft 8, and the bearings 13. 14 of the compressor 
B and a function of easily dissolving with a refrigerant (R134a). 

According to the configuration of claim 2, since the purity of the R134a refrigerant is extremely high, a chemically- 
10 stable performance can be achieved without the contamination of a foreign substance or CFC in the refrigerating cycle 
A. 

According to the configuration of claim 3, corrosion in the refrigerator and deterioration of a motor insulating mate- 
rial (PET material) can be prevented. 

According to the configuration of claim 4. deterioration by oxidization of the polyvinyl ether oil 18 and generation of 
IS sludge caused by polymerization can be prevented so that a highly reliable refrigerator can be provided. 

According to the configuration of claim 5. the polyvinyl ether oil 1 8 can improve the stability with respect to the oxi- 
dized deterioration so that the performance and reliability of the compressor B can be improved. 

This was confirmed by the experiment result of a sealed tube test with the polyvinyl ether oil 18 containing DBPC 
of the present invention sealed. 
20 That is, according to the polyvinyl ether oil 1 8 containing DBPC of the present invention In the conditions of aging 
at 90**C for 29 days for adjusting the moisture content to be 200 ppm, tiie total acid number became 0.01 or less at tiie 
initial stage so as to have a preferable result. 

According to the configuration of claim 6, a strong chemical adsorption film can be formed on the bearing sliding 
surfaces 8. 10. 13, 14 so that the lubrication of the sliding portions 8, 10. 13, 14 is further improved to prevent galling 
25 and seizure. 

The above-mentioned effects were confirmed also by the endurance test result with the device shown in FIG. 2. 

That is, in the graph of FIG. 2 with the endurance test time plotted in horizontal axis and the contamination amount 
(sludge amount) plotted in vertical axis, the best result was obtained with the specimen IV using a specimen Y of the 
polyvinyl ether oil 18 of the present invention containing additives (DBPC, epoxy, etc.) under the standard B with tine 
30 production standard of tiie device restricted according to the present invention (restriction on purity of tiie refrigerant, 
moisture in the refrigerating cycle A, chlorine and air amount). 

Wherein FIG. 2. the contents of the specimen l-IV is represented as below. 
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Table 1 
additive 



none 
X 
Y 
Y 



production standard 



Additive X: DBPC + BTA + TCP 
Additive Y: DBPC + BTA + TCP + epoxy 
Production standard A: (conventional standard) 
Refrigerant purity: 99.90 % by weight 

Equilibrium moisture content in the refrigerating cycle A: 600 ppm 
Residual air content in tiie refrigerating cycle A: 0.03 % by weight 
Chlorine residual content in the refrigerating cycle A: 400 ppm 
Standard B: (standard of the present invention) 
Refrigerant purity: 99.95 % by weight 

Equilibrium moisture content in the refrigerating cycle A: 200 ppm 
Residual air content in the refrigerating cycle A: 0.01 % by weight 
Chlorine residual content in tiie refrigerating cycle A: 100 ppm 



A 
A 
A 
B 



Although R134a is provided as an example of a hydrofluorocarbon type refrigerant not containing chlorine in the 
present invention, It is not limited thereto since a polyol ester oil of the present Invention shows an excellent compatibil- 
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ity with other HFC type refrigerants so that it can be applied to the refrigerants. 

FIG. 3 shows a Scotch York type reciprocating type compressor of another embodiment of the present invention. 
The entire configuration shown in FIG. 3 comprises a compressor 1 10. a mechanical portion 111 for compressing a 
refrigerant, a case 112. an underslung spring 113. a stator 114 comprising an electric driving portion (electric driving 
5 element of the compressor), stator fixing bolts 115, and washers 1 16 of a synthetic rubber. 

The compressor further comprises a stator mounting leg 1 1 7. and a crank shaft 1 1 8. A predetermined gap is pro- 
vided between the stator 114 and the rotor for driving the rotor as an electric driving element of an ordinary compressor. 

The compressor main body comprises the electric driving portion for driving the above-mentioned mechanical por- 
tion 111, and the compressor main body is hanged on the case 1 12 by the underslung spring 113. 
10 The stator 11 4 is fixed to the stator fixing leg 1 1 7 by a plurality of stator fixing bolts 1 1 5 via the washer 1 16 of a 
synthetic rubber. 

As heretofore mentioned, according to the present invention, a preferable refrigerator can be obtained since the 
total acid number of a polyvinyl ether oil is reduced to restrain the generation of a metal soap to prevent adverse effect 
on the refrigerating cycle, and decomposition, oxidization deterioration, or polymerization reaction by the effect of oxy- 
15 gen or chlorine is restrained to prevent the generation of a metal soap and a polymer sludge by using a certain material 
for the polyvinyl ether oil in a certain physical property range with a special additive, maintaining the purity of a 
hydrofluorocarbon type refrigerant at a high value or restraining the equilibrium moisture of the refrigerating cycle. 

While the presently preferred embodiments of the present invention have been shown and described, it will be 
understood that the present invention is not limited thereto, and that various changes and modifications may be made 
20 by those skilled In the art without departing from the scope of the Invention as set forth in the appended claims. 

Claims 

1. A refrigerator comprising a refrigerating cycle using a hydrofluorocarbon type refrigerant not containing chlorine or 
25 a refrigerant mixture thereof, with a refrigerator oil compatible with the refrigerant sealed, wherein the refrigerator 
oil comprises a polyvinyl ether type compound having a structural unit represented by the general formula (1) as 
the main component, with a pour point of -40<*C or less, a two-liquid separation temperature of -20'*C or less, a total 
add number of 0.02 mgKOH/g or less, a viscosity of 8 to 100 est at 40''C or less, and a viscosity index of 80 or more. 



(1) 



40 

, wherein n is an integral number in the range of 1 or more, R1 to R3 are each a hydrogen atom or a hydrocarbon 
group having 1 to 8 carbon atoms and may be the same or different. R4 is an alkyi group having 1 to 4 carbon 
atoms, and units in which R4 is an alkyI group having 1 to 2 carbon atoms are 40 to 100 % and units in which R4 
is an alkyI group having 3 to 4 carbon atoms are 0 to 60 %. 

45 

2. The refrigerator according to claim 1, wherein the hydrofluorocarbon type refrigerant has a purity of 99.5 % by 
weight or more, with the content of a chlorine type refrigerant of 2000 ppm or less. 

3. The refrigerator according to claim 1 . wherein the equilibrium moisture in the refrigerating cycle represented by the 
50 equation (2) is 200 ppm or less: 

(residual moisture content in the refrigerating cycle) ^ iq ^ppm (2) 
(filled oil amount + filled refrigerant amount). 

55 

4. The refrigerator according to claim 1 , wherein the residual oxygen content in the refrigerating cycle is 0.2 % by 
weight or less with respect to the content volume of the refrigerating cycle. 
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5. The refrigerator according to claim 1, wherein the refrigerator oil contains 0.01 to 1 .0 % by weight of a phenol type 
antioxidant as an essential component and 0,01 to 2 % by weight of an epoxy type or carbodiimide type conipound 
with respect to its oil content. 

5 6. The refrigerator according to claim 1 . wherein the refrigerator oil contains 0.1 to 2 % by weight of a phosphoric acid 
ester type compound with respect to its oil content. 

7. The refrigerator according to claim 1. wherein the refrigerant is a 1.1,1.2-tetrafluoroethane (R134a). an azetropic 
mixture refrigerant containing 50 % by weight of dif luoromethane (R32) and 50 % by weight of pentaf luoroethane 

10 {R125), or a pseudoazetropic mixture refrigerant containing 44 % by weight of pentafluoroethane (R125), 52 % by 
weightof trifluoroethane{R143a)and 4%by weightof 1, 1,1,2-tetraf luoroethane (R1 34a). 

8. A refrigerator comprising a compressor unit sealed in a hermetically sealed container, with an HFC type refrigerant 
or a refrigisrant mixture thereof and a refrigerator oil compatible with the refrigerant sealed in the hermetically 

75 sealed container, wherein the refrigerator oil comprises a polyvinyl ether type compound having a structural unit 
represented by the general formula (1) as the main component, with a pour point of -40**C or less, a two-liquid sep- 
aration temperature of -20''C or less, a total acid number of 0.02 mgKOH/g or less, a viscosity of 8 to 100 est at ' 
40''C or less, and a viscosity index of 80 or more. 
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. wherein n is an integral number in the range of 1 or more, Rl to R3 are each a hydrogen atom or a hydrocarbon 
group having 1 to 8 carbon atoms and may be the same or different, R4 is an alkyi group having 1 to 4 carbon 
atoms, and units in which R4 is an alkyI group having 1 to 2 carbon atoms are 80 to 100 % and units in which R4 
is an alkyI group having 3 to 4 carbon atoms are 0 to 20 %. 

3S 

9. The refrigerator according to claim 8. wherein the hydrofluorocarbon type refrigerant has a purity of 99.5 % by 
weight or more, with the content of a chlorine type refrigerant of 2000 ppm or less. 

10. The refrigerator according to claim 10, wherein the equilibrium moisture in the refrigerating cycle represented by 
40 the formula (2) is 200 ppm or less: 

(residual moisture content in the refrigerating cycle) ^^e 
(filled oil amount + filled refrigerant amount). ^ 

45 

11. The refrigerator according to claim 8, wherein the residual oxygen amount in the refrigerating cyde is 0.2 % by 
weight or less with respect to the content volume of the refrigerating cycle. 

12- The refrigerator according to claim 8, wherein the refrigerant comprises at least two compounds selected from the 
so group consisting of hydrofluorocarbon types represented by the general formula (3): 

C,H^Fn (3) 

wherein when I = 1,m=1~2. n = 2--3 and m + n = 4 . when 1=2, m = 1-^4. n = 2 - Sand m + n = 6 , and when 
55 1 = 3, m=1~3, n = 5- 7 and m + n = 8 . 

13. The refrigerator according to claim 8, wherein the refrigerant Is an azetropic mixture refrigerant containing 50 % by 
weight of dif luoromethane (R32) and 50 % by weight of pentafluoroethane (R125). or a pseudoazetropic mixture 
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refrigerant containing 44 % by weight of pentaf luoroethane (R1 25), 52 % by weight of trif luoroethane (R1 43a) and 
4%by weight of 1,1.1.2-tetrafluoroethane (R134a). 

14. The refrigerator according to claim 8, wherein the refrigerator oil contains 0.01 to 1 .0 % by weight of a phenol type 
antioxidant as an essential component and 0.01 to 2 % by weight of an epcxy type or carbodiimide type compound 
with respect to its oil content 

15- The refrigerator according to claim 10. wherein ,the refrigerator oil contains 0.1 to 2 % by weight of a phosphoric 
acid ester type compound with respect to its oil content. 

16. A refrigerator comprising a compressor unit sealed in a hermetically sealed container, with an HFC type refrigerant 
or a refrigerant mixture thereof and a refrigerator oil compatible with the refrigerant sealed in the hermetically 
sealed container, wherein the refrigerator oil comprises a polyvinyl ether type compound having a structural unit 
represented by the general formula (1) as the main component with a pour point of -40^C or less, a two-liquid sep- 
aration temperature off -20"C or less, a total acid number of 0.02 mgKOH/g or less, a viscosity of 8 to 100 est at 
40*^0 or less, and a viscosity index of 80 or more. 
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. wherein n is an integral number in the range of 1 or more. Rl to R3 are each a hydrogen atom or a hydrocarbon 
group having 1 to 8 carbon atoms and may be the same or different. R4 is an alkyi group having 1 to 4 carbon, 
atoms, and units in which R4 Is an alkyl group having 1 to 2 cartoon atoms are 60 to 100 % and units in which R4 
Is an alkyl group having 3 to 4 cartxjn atoms are 0 to 40 %. 

17. The refrigerator according to claim 16, wherein the hydrofluorocarbon type refrigerant has a purity of 99.5 % Iqy 
weight or more, with the content of a chlorine type refrigerant of 2000 ppm or less. 

18. The refrigerator according to claim 16. wherein the equilibrium moisture in the refrigerating cycle represented by 
the formula (2) is 200 ppm or less: 

(residual moisture content in the refrigerating cycle) ^ ®ppm (2) 
(filled oil amount + filled refrigerant amount). 



19. The refrigerator according to claim 16. wherein the residual oxygen amount in the refrigerating cycle is 0.2 % by 
weight or less with respect to the content volume of the refrigerating cycle. 

20- The refrigerator according to claim 1 6, wherein the refrigerant comprises at least two compounds selected from the 
group consisting of hydrofluorocarbon types represented by the general formula (3): 

C,H^F, (3) 

wherein when l = 1.m = 1-2, n = 2- 3 and m + n = 4 , when 1 = 2, m=1-4, n = 2~5 and m + n = 6 , and when 
1=3. m=1 -3. n=5~7 and m + n = 8 . 

21. The refrigerator according to claim 16. wherein the refrigerant is a pseudoazetropic mixture refrigerant containing 
23 % by weight of difluoromethane (R32), 25 % by weight of pentafluoroethane (R1 25). 52 % by weight of 1 ,1 .1 ,2- 
tetrafluoroethane (R134a). or a pseudeoazeotropic mixture refrigerant containing 25 % by weight of difluorometh- 
ane (R32). 15 % by weight of pentafluoroethane (R125). 60 % by weight of 1.1 .1 .2-tetrafluoroethane (R134a). 
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22. The refrigerator according to claim 16, wherein the refrigerator oil contains 0.01 to 1 .0 % by weight of a phenol type 
antioxidant as an essential component and 0.01 to 2 % by weight of an epoxy type or carbodiimide type conrpound 
with respect to its oil content 

5 23. The refrigerator according to daim 16, wherein the refrigerator oil contains 0.1 to 2 % by weight of a phosphoric 
acki ester type compound with respect to its oil content. 

24. A refrigerator comprising a refrigerant compressor, a condenser, an expansion device, and an evaporator, con- 
nected to each other with pipes, with an HFC type refrigerant or a refrigerant mixture thereof and a refrigerator oil 
10 compatible with the refrigerant sealed in a hermetically sealed container, wherein the refrigerator oil comprises a 
polyvinyl ether type compound having a structural unit represented as the main component, with a pour point of - 
40**C or less, a two-liquid separation temperature of -20°C or less, a total acid number of 0.02 mgKOH/g or less, a 
viscosity of 8 to 1 00 est at 40*>C or less, and a viscosity index of 80 or more, 

R3 
I 

I 

O 
I 

R4 

25 

, wherein n is an integral number in the range of 1 or more. R1 to R3 are each a hydrogen atom or a hydrocarbon 
group having 1. to 8 carbon atoms and may be the same or different, R4 is an alkyi group having 1 to 4 cart>on 
atoms, and units in which R4 is an alkyi group having 1 to 2 carbon atoms are 40 to 100 % and units in which R4 
is an alkyi group having 3 to 4 cartx>n atoms are 0 to 60 %. 

30 
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